Four methods for detecting object re- 
flections have been implemented: detec- 
tion in the rectified camera images using 
cross correlation, detection in stereo 
range images, detection in a world map 
generated from range data, and detec- 
tion using combined stereo range im- 
ages and rectified camera images. Detec- 
tion in stereo range images (see figure) 
exploits the knowledge that 3D coordi- 
nates of stereo range data on object re- 
flections occur below the ground sur- 
face at a range close to that of the 
reflecting object. 


Any autonomous robotic platform 
used on cross-country terrain that has re- 
strictions on driving through water 
could benefit from this software, includ- 
ing military platforms and perhaps some 
agricultural platforms. The automotive 
industry could potentially benefit from 
an application of this technology to de- 
tect wet pavement. 

This work was done by Arturo L. Rankin 
and Larry H. Matthies of Caltech for 
NASA’s Jet Propulsion Laboratory. Further 
information is contained in a TSP (see 
page 1). 


In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention . Inquiries concerning rights for its 
commercial use should be addressed to: 
Innovative Technology Assets Management 

JPL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-48494, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


® SATPLOT for Analysis of SECCHI Heliospheric Imager Data 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Determining trajectories of solar tran- 
sients such as coronal mass ejections is 
not always easy. White light images from 
SECCHI’s (Sun Earth Connection Coro- 
nal and Heliospheric Investigation) he- 
liospheric imagers are difficult to inter- 
pret because they represent a 
line-of-sight projection of optically thin 
solar wind structures. A structure’s image 
by itself gives no information about its 
angle of propagation relative to the Sun- 
spacecraft line, and an image may show a 
superposition of several structures, all 
propagating at different angles. Analyz- 
ing SECCHI heliospheric imager data 
using plots of elongation (angle from the 


Sun) versus time at fixed position angle 
(aka “Jplots”) has proved extremely use- 
ful in understanding the observed solar 
wind structures. This technique has been 
used to study CME (coronal mass ejec- 
tion) propagation, CIRs (corotating in- 
teraction regions) , and blobs. 

SATPLOT software was developed to 
create and analyze such elongation ver- 
sus time plots. The tool uses a library of 
cylindrical maps of the data for each 
spacecraft’s panoramic field-of-view. 
Each map includes data front three SEC- 
CHI white-light telescopes (the COR2 
coronagraph and both heliospheric im- 
agers) at one time for one spacecraft. 


The maps are created using a Plate Car- 
ree projection, optimized for creating 
the elongation versus time plots. The 
tool can be used to analyze the observed 
tracks of features seen in the maps, and 
the tracks are then used to extract infor- 
mation, for example, on the angle of 
propagation of the feature. 

This work was done by Jeffrey R. Hall and 
Paulett C. Liewer of Caltech for NASA’s Jet 
Propulsion Laboratory. Further information is 
contained in a TSP (see page 1 ). 

This software is available for commercial li- 
censing. Please contact Daniel Broderick of 
the California Institute of Technology at 
danielb@caltech. ed.u. Refer to NPO-4 7826. 


** Plug-in Plan Tool v3. 0.3.1 

Lyndon B. Johnson Space Center, Houston, Texas 


The role of PLUTO (Plug-in Port UTi- 
lization Officer) and the growth of the 
International Space Station (ISS) have 
exceeded the capabilities of the current 
tool PiP (Plug-in Plan). Its users (crew 
and flight controllers) have expressed 
an interest in a new, easy-to-use tool with 
a higher level of interactivity and func- 
tionality that is not bound by the limita- 
tions of Excel. 

The PiP Tool assists crewmembers and 
ground controllers in making real-time 
decisions concerning the safety and 
compatibility of hardware plugged into 
the UOPs (Utility Outlet Panels) on- 
board the ISS. The PiP Tool also pro- 
vides a reference to the current configu- 
ration of the hardware plugged in to the 


UOPs, and enables the PLUTO and 
crew to test Plug-in locations for con- 
straint violations (such as cable connec- 
tor mismatches or amp limit violations), 
to see the amps and volts for an end 
item, to see whether or not the end item 
uses 1553 data, and the cable length be- 
tween the oudet and the end item. As 
new equipment is flown or returned, the 
database can be updated appropriately 
as needed. The current tool is a macro- 
heavy Excel spreadsheet with its own 
database and reporting functionality. 

The new tool captures the capabili- 
ties of the original tool, ports them to 
new software, defines a new dataset, 
and compensates for ever-growing 
unique constraints associated with the 


Plug-in Plan. New constraints were de- 
signed into the tool, and updates to ex- 
isting constraints were added to provide 
more flexibility and customizability. In 
addition, there is an option to associate 
a “Flag” with each device that will let 
the user know there is a unique con- 
straint associated with it when they use 
it. This helps improve the safety and ef- 
ficiency of real-time calls by limiting the 
amount of “corporate knowledge” over- 
head that has to be trained and learned 
through use. 

The tool helps save time by automat- 
ing previous manual processes, such as 
calculating connector types and decid- 
ing which cables are required and in 
what order. 
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This project provides a better onboard 
tool for the crew to safely test ideas for 
reconfigurations before calling the 
ground, and send the changes directly. 
The layout provides clear detail for 
power channels, module locations, and 
data ports, and allows for intuitive “drag- 
and-drop” connections from the data- 
base. The software will allow only com- 


patible connections to occur, and will 
flag violations if they exist. It also allows 
the user to flag unique constraints that 
might not be caught by the software’s ex- 
isting rules and calculations. 

The PiP Tool includes reporting capa- 
bilities that allow the user to export data- 
base information and configuration in- 
formation to Excel to share with others 


or run detailed comparisons and 
searches as needed. 

This work was done by Kathleen E. An- 
drea-Liner, Brian J. Au, Blake R. Fisher, 
Watchara Rodbumrung, Jeffrey C. Hamic, 
Kary Smith, and David S.Beadle of the 
United Space Alliance for Johnson Space Cen- 
ter. Further information is contained in a 
TSP (see page 1 ). MSC-24872-1 


@ Frequency Correction for MIRO Chirp Transformation 
Spectroscopy Spectrum 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


This software processes the flyby spec- 
tra of the Chirp Transform Spec- 
trometer (CTS) of the Microwave In- 
strument for Rosetta Orbiter (MIRO). 
The tool corrects the effect of Doppler 
shift and local-oscillator (LO) frequency 
shift during the flyby mode of MIRO op- 
erations. The frequency correction for 
CTS flyby spectra is performed and is in- 
tegrated with multiple spectra into a 
high signal-to-noise averaged spectrum 
at the rest-frame RF frequency. This in- 
novation also generates the 8 molecular 
line spectra by dividing continuous 
4,096-channel CTS spectra. The 8 line 
spectra can then be readily used for sci- 
entific investigations. 


A spectral line that is at its rest fre- 
quency in the frame of the Earth or an 
asteroid will be observed with a time- 
varying Doppler shift as seen by MIRO. 
The frequency shift is toward the 
higher RF frequencies on approach, 
and toward lower RF frequencies on de- 
parture. The magnitude of the shift de- 
pends on the flyby velocity. The result 
of time-varying Doppler shift is that of 
an observed spectral line will be seen to 
move from channel to channel in the 
CTS spectrometer. The direction 
(higher or lower frequency) in the 
spectrometer depends on the spectral 
line frequency under consideration. In 
order to analyze the flyby spectra, two 


steps are required. First, individual 
spectra must be corrected for the 
Doppler shift so that individual spectra 
can be superimposed at the same rest 
frequency for integration purposes. 
Second, a correction needs to be ap- 
plied to the CTS spectra to account for 
the LO frequency shifts that are applied 
to asteroid mode. 

This work was done by Seungwon Fee of 
Caltech for NASA’s Jet Propulsion Faboratory. 
Further information is contained in a TSP 
(see page 1). 

This software is available for commercial li- 
censing. Please contact Daniel Broderick of 
the California Institute of Technology at 
danielb@caltech. edu. Refer to NPO-4 7304. 


$ Nonlinear Estimation Approach to Real-Time Georegistration 
from Aerial Images 

This technology can be used for real-time search and rescue operations and surveillance 
applications using cameras mounted on aircraft or UAVs. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


When taking aerial images, it is impor- 
tant to know locations of specific points 
of interest in an Earth-centered coordi- 
nate system (latitude, longitude, height) 
(see figure). The correspondence be- 
tween a pixel location in the image and 
its Earth coordinate is known as georeg- 
istration. There are two main technical 
challenges arising in the intended appli- 
cation. The first is that no known fea- 
tures are assumed to be available in any 
of the images. The second is that the in- 
tended applications are real time. Here, 
images are taken at regular intervals (i.e. 
once per second), and it is desired to 
make decisions in real time based on the 


geolocation of specific objects seen in 
the images as they arrive. This is in sharp 
contrast to most current methods for ge- 
olocation that operate “after-the-fact” by 
processing, on the ground, a database of 
stored images using computationally in- 
tensive methods. 

The solution is a nonlinear estimation 
algorithm that combines processed real- 
time camera images with vehicle posi- 
tion and attitude information obtained 
from an onboard GPS receiver. This ap- 
proach provides accurate georegistra- 
tion estimates (latitude, longitude, 
height) of arbitrary features and/or 
points of interest seen in the camera im- 


ages. This solves the georegistration 
problem at the modest cost of augment- 
ing the camera information with a GPS 
receiver carried onboard the vehicle. 

The nonlinear estimation algorithm is 
based on a linearized Kalman filter 
structure that carries 19 states in its cur- 
rent implementation. Six of the 19 states 
are calibration parameters associated 
with the initial camera pose. One of the 
states calibrates the scale factor associ- 
ated with all camera-derived informa- 
tion. The remaining 12 states are used to 
model the current kinematic state of the 
vehicle (position, velocity, acceleration, 
and attitude) . 
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